pBR322 was infected with X::TnS, selecting for kanamycin resistance. Plasmid DNA isolated from the kanamycinresistant colonies were used to transform E. coli, selecting for kanamycin resistance. From the transformants, one ampicillin-sensitive transformant in which TnS was inserted into the bla gene in pBR322 was isolated.
TnS mutagenesis ofAnabaena sp. TnS has four Aval sites at which the plasmid pBR322::TnS might be cleaved by the native AvaI restriction enzyme upon being transferred into our Anabaena sp. Therefore, pBR322: :TnS was first used to transform E. coli HB101(pRL528) containing AvaI and AvaII methylase activity (3) . The plasmid pBR322::TnS was then transferred into Anabaena sp. strain PCC 7120 by conjugation with RP4 as the helper plasmid (3, 13 (3) . After 2 days of incubation under low light (60 microeinsteins m-2 s-1) at 30°C, the filter was transferred to a BG11 plate containing neomycin (30 ,ug/ml). The plate was further incubated under low light for 2 days and then transferred to an incubator at 125 microeinsteins m-2 s-' and sparged with a mixture of CO2 (1%) and air. The light blue-green color of the filter was almost completely bleached after 10 days, at which time the filter was transferred to a fresh BG11 agar plate containing neomycin (30 ,ug/ml). At the end of the third week, several small blue-green colonies appeared on the filter, the number of colonies increasing to about 200 to 250 by the fourth week. When the colonies became at least 1 mm in diameter, they were transferred individually to a fresh BG11 agar plate containing neomycin (30 ,ug/ml). Since pBR322::TnS cannot replicate in Anabaena spp., these neomycin-resistant colonies should have arisen through transposition of TnS into the Anabaena genome.
Southern hybridization analysis. Total genomic DNA prepared from a few neomycin-resistant isolates was analyzed by Southern hybridization with a 2.0-kilobase (kb) internal region of TnS (Fig. 1) . It appeared that TnS transposed into different DNA fragments in these mutants. When pBR322 was used as the probe in Southern hybridization with the DNA isolated from these mutants, no hybridization was detected (data not shown). This result suggests that the neomycin-resistant mutants arose due to random transposition of Tn5 and not due to integration of pBR322::TnS into the Anabaena genome.
In One explanation for the dark bands in this mutant is that TnS transposed into a plasmid in the Anabaena strain and the copy number of the plasmid increased as a result of the TnS insertion and drug selection. TnS transposes by a conservative mechanism that requires a Tn5-encoded transposase and several host factors (1). It is possible that, in this case, the original TnS transposed further, either within the same plasmid or to other plasmids similar in size and frequency of HindIII sites. This result was not investigated further. (8) showing the position of the neomycin phosphotransferase (neo) gene, the two inverted repeats (thick line), and the 2-kb region used as the probe. The 2-kb region of TnS shown above was cut out as a BamHI fragment from plasmid pSK101 (10) . There is another PstI (P) site in the neo gene which is not shown here. TnS has two Hindlll (H) sites Isolation of a mutant that is unable to grow without combined nitrogen. A total of 400 colonies isolated from four conjugation plates were streaked on BG11 agar plates with and without combined nitrogen. One isolate, called T-123, A B C A B C D was found to be unable to grow on medium without combined nitrogen (Fix-). Strain T-123 formed heterocysts which were indistinguishable in the light microscope from those of wild-type Anabaena sp. strain PCC 7120. Southern hybridization of total genomic digests of T-123 with the 2.0-kb internal fragment of TnS (Fig. 1) as the probe showed a 9.2-kb EcoRI band and three HindIll fragments of 3.3, 2.3, and 1.9 kb (Fig. 2a) strain T-123 in the cosmid vector pLAFR1 (4). One cosmid clone, called pDB25, containing the 9.2-kb EcoRI fragment with the Tn5 insert together with an unrelated 10.5-kb fragment was isolated by plating the cosmid library on LB agar containing kanamycin and tetracycline. The 9.2-kb EcoRI fragment in pDB25 was found to be the same size as the EcoRI fragment of strain T-123 that hybridized with the 2.0-kb internal fragment of TnS (data not shown). The three Hindlll fragments (3.3, 2.3, and 1.9 kb) of strain T-123 that hybridized with this probe were present in the Hindlll digest of pDB25 and hybridized with the same probe (lane C in Fig.  2a) . The 1.9-kb HindlIl fragment of pDB25 containing a 1.2-kb region from TnS and 0.7 kb of flanking sequences was used to probe genomic digests of Anabaena DNA (Fig. 2b) . As expected, it hybridized with a 3.6-kb EcoRI and a 1.8-kb HindIll fragment of strain PCC 7120. The same probe was then used to screen a lambda Charon4 library of EcoRIdigested DNA from Anabaena sp. strain PCC 7120 (9), and one positive clone (A26) that hybridized with the probe was identified. X26 contained a 3.6-kb EcoRI fragment and a 1.8-kb HindlIl fragment that hybridized with the 1.9-kb Hindlll fragment of pDB25 (Fig. 3a) . The 1.8-kb Hindlll fragment of X26 was then used as a probe of the genomic digests of strains PCC 7120 and T-123 (Fig. 3b) . It hybridized with a 3.6-kb EcoRI and a 1.8-kb Hindlll fragment of strain PCC 7120 and a 9.2-kb EcoRI fragment and two Hindlll fragments (2.3 and 1.9 kb) of strain T-123, indicating that A26 contained the wild-type fragment of DNA that was interrupted by TnS in strain T-123.
Thus, we have shown that TnS transposes in Anabaenq sp. strain PCC 7120 and that TnS tagging may be a useful tool for cloning and analyzing genes in Anabaena spp. The 3.6-kb EcoRI or the 1.8-kb Hindlll fragment may contain afix gene, which will require further analysis. The 3.6-kb EcoRI fragment identified and cloned in this study is not located in the 39-kb nif region mapped earlier (9) .
